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L Proposed Hypothesis:

Asthma frequency and asthma morbidity are elevated among urban socioeconomically
disadvantaged populations in the United States, compared to urban populations that are more
socioeconomically advantaged. Asthma rates are not elevated in all non-urban
socioeconomically disadvantaged United States populations.

1.In-utero and early childhood exposure to diesel exhaust is associated with alteration of
immune function, as measured by
a. deviation of T-cell responses toward expression of pro-inflammatory cytokine by
2 years of age
b. increased esosinophilia and allergy as measured by IgE level and skin test
sensitization as early as 2 years of age
2. In-utero and early childhood exposure to diesel exhaust is associated with subsequent
onset of asthma with allergy. The primary outcome associated with this hypothesis is asthma
development (onset).
3. Once allergy and asthma have developed, childhood exposure to diesel exhaust is
associated with exacerbation of asthma symptoms
4. The excess of asthma among socioeconomically disadvantaged group in urban
environments can be explained, in part by traffic patterns and differential exposure to diesel
exhaust.
5. Environment-by-environment interactions exist, making socioeconomically
disadvantaged urban populations more susceptible to the effects of diesel exhaust than more
advantaged urban populations.
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IV.  Public Health Significance

Asthma has been a rapidly growing public health problem approaching epidemic proportions
in some parts of the United States. The prevalence of asthma nationwide increased 59% between



1982 and 1996 (NCHS, 2000). The burden of asthma is borne disproportionately by African-
Americans and persons under the age of 18. In 1996 the prevalence of asthma among African-
Americans was 69.6 per 1000, compared to 53.5 per 1000 for whites, and 55.2 for the general
population. Among the age groups asthma prevalence is highest in those under age 18, 62 per
1000. The greatest increase in the prevalence and severity of asthma has been among children
and young adults living in poor inner-city neighborhoods (Eggleston et al., 1999). Asthma is at
epidemic proportions in urban, minority, and low-income populations, a health burden that
epitomizes the health disparities between minority and non-minority, low-income and middle to
high income.

Diesel exhaust is a particular concern in many low-income minority urban neighborhoods
that bear a disproportionate burden of diesel sources. Low-income and minority individuals are
more likely to live close to sources of diesel emissions: highways, and land uses that house or
attract diesel buses and trucks, including depots, trash transfer stations, and rail yards.
Additionally, urban areas have higher ambient concentrations of diesel exhaust particles than do
suburban or rural areas.

Although ambient air quality has decreased nationwide since 1970, emissions from diesel
vehicles have not. Total diesel truck sales and diesel truck sales as a percentage of total truck
sales have increased significantly during that same time period. While overall emissions of PMj
from diesel vehicles have decreased during that time period, primarily as a result of lowered
sulfur content of fuel, the impact on emissions of fine particulates (PM; s) and emissions of
ultrafine particulates is not as clear.

V. Justification for a large, prospective, longitudinal study

The complex etiology of asthma necessitates a large cohort in order to isolate potential impacts
of diesel. Analyzing factors associated with onset of asthma is best done prospectively.
Additionally, a prospective methodology enables a more accurate exposure assessment and
avoids selection bias. A large cohort is also necessary to ensure enough variability in exposure,
particularly within similar racial / ethnic groups. For example, a large cohort would enable
analyzing whether, among African-Americans from a variety of urban and rural backgrounds,
traffic patterns explain differences in wheeze or asthma development. Moreover, a cohort of
100,000 would increase the potential to evaluate whether other environmental factors (e.g.
allergen exposure, stress) interact with local traffic/diesal exposure to explain health disparities
in the risk of wheeze in infancy, asthma development or asthma morbidity.

VI. Scientific Merit

While many types of ambient air pollution have decreased in the past 20-30 years, mobile
source pollution and in particular diesel exhaust have remained constant or possibly increased.
Urban areas are home to both the highest concentration of diesel sources as well as the most
rapid increase in asthma rates and morbidity. Furthermore, the racial/ethnic and socioeconomic
groups that have the greatest prevalence of asthma also have the highest exposures to diesel
exhaust.



A growing body of experimental and clinical evidence supports an irritant and
immunologic impact of diesel exhaust particles. through enhancement of IgE production,
adjuvant effect, upregulation of mast cell recruitment and histamine release, increase in plasma
cell IgE production, increase in neutrophil and eosinophil recruitment and mediator release,
increase in epithelial cell H; receptor expression and synthesis of IL-6, IL 8 and GM-CSF,
increase in T-cell recruitment and TH2 type cytokine expression, and increase in macrophage
recruitment and mediator release. These effects are consistently proinflammatory and allergy
enhancing (Salvi et al., 1999; Diaz-Sanchez, 1997; Nel et al., 1998; Peterson et al, 1996; Ohta et
al., 1999; Abe et al. 2000).

Diesel exhaust particles may act to potentiate the allergenicity of some proteins. One
study has shown diesel particles act as an adjuvant to ragweed allergen (Diaz-Sanchez (1997a)).

Thus far the evidence supports a plausible mechanism for exacerbation of pre-existing
asthma. However, to date little evidence exists regarding the potential for the immunologic
effects of DEP to affect onset of asthma. One study demonstrated DEP induced sensitization to a
neoantigen among 9 of 15 subjects. (Diaz-Sanchez D., 1999) This hypothesis focuses on the
potential of diesel exhaust particles to contribute to asthma onset via its immune altering actions.

Biological Mechanisms: Clinical and Experimental Evidence

Emerging experimental evidence of irritant and/or immunologic effects of diesel exhaust
on the respiratory system may have special relevance in inner city neighborhoods. Diesel
particles have been shown to enhance in vivo and in vitro expression of IgE, the immunoglobulin
characteristic of allergic response. In vitro studies using human B-cells have shown that the
polyaromatic hydrocarbons (PAHs) extracted from diesel exhaust enhanced IgE production by
these cells (Takenaka et al., 1995). One proposed mechanism is via stimulation of the aromatic
hydrocarbon (Ah) receptor complex. Another hypothetical mechanism is that diesel particles
themselves act as adjuvants by adsorbing antigens and prolonging their retention in the lungs
(Diaz-Sanchez et al., 1994), or that the PAH pyrene, commonly found in diesel exhaust, acts as
an adjuvant (Suzuki et al., 1993). Other studies have shown that DEP induces oxidative stress (Li
et al., 2000).

In vivo experiments also support the hypothesis that DEP exposure is associated with IgE
production and enhances the immune response. Intraperitoneal injection in vivo to mice of DEP
has been shown to increase IgE to response to other antigens (Takafuji et al., 1987). These
responses however have been produced also with other types of particles suggesting that the
composition may not play a critical role.

Experimental studies indicate that DEPs can interact with a vast array of respiratory cells
and proteins. Effects of exposure include, upregulation of mast cell recruitment and histamine
release, increase in plasma cell IgE production, increase in neutrophil and eosinophil recruitment
and mediator release, increase in epithelial cell H; receptor expression and synthesis of IL-6, IL
8 and GM-CSF, increase in T-cell recruitment and TH2 type cytokine expression, and increase in
macrophage recruitment and mediator release. These effects are consistently proinflammatory



and allergy enhancing (Salvi et al., 1999; Diaz-Sanchez, 1997b; Nel et al., 1998; Peterson et al,
1996; Ohta et al., 1999; Abe et al. 2000).

In one experimental study either saline alone or 300 micrograms of diesel exhaust
particles plus saline were sprayed into the nostrils of human subjects. The DEP spray was found
to induce significant increases in IgE production, which peaked 4 days after the nasal challenge
and returned to normal by the seventh day (Diaz-Sanchez et al, 1997b). The authors noted that
although 300 pg of DEP was equivalent to total exposure over one to three average days in Los
Angeles, “this level of exposure can occur in certain non-occupational settings, such as sitting at
a busy bus stop or in an express highway tunnel.” An earlier study showed that human bronchial
epithelial cells showed decreased ciliary beat frequency following exposure to DEP extract, and
increased release of inflammatory mediators (Bayram et al., 1998). Subsequently it was shown
that DEPs induce time- and dose-dependent damage to the membranes of human airway
epithelial cells cultivated in vitro (Boland et al., 1999). Another study in healthy human subjects
showed increased recruitment of neutrophil and alveolar macrophages into the airways along
with suppressed macrophage functions after exposure to diesel exhaust (Rudell et al., 1999).

DEP surfaces may also act as a site for the concentration of airborne allergens such as
pollen grains and roach and mite proteins (Knox et al., 1997). The small particle size that allows
DEP to penetrate deep into the lower respiratory airways and the ability to act as a carrier for
toxic organic chemicals, and allergens, provides additional insights as to the possible mechanism
of action.

Epidemiological Evidence

The results of these studies show biologically plausible mechanisms for an association between
human exposure to diesel exhaust particles and the development of asthma or the onset of
inflammatory response. Recent epidemiological studies have also explored this association. A
few researchers have conducted cross-sectional studies examining the relationship between
children’s acute and chronic experiences of respiratory distress and their proximity to motor
vehicles from highways. Wjst et al (1993). showed a small but significant decrease in peak
expiratory flow (PEF) among 10-year old children in school districts in Munich with higher flow
of car traffic, as well as increased self-reports of respiratory symptoms. Other analyses found that
decreases in lung function and parental report of chronic respiratory symptoms were associated
with truck traffic density and with concentration of black smoke measured in schools in the
Netherlands (Van Vliet et al., 1997; Brunekreef et al., 1997). One case-control study found a
linear trend between hospital admissions for asthma and traffic flow (Edwards et al., 1994),
while another found a positive association between wheezing and symptoms of allergic rhinitis
and self-reported frequency of truck traffic (Duhme et al., 1996).

While these epidemiological studies suggest an association between traffic density and asthma
incidence and morbidity, they have all been limited by their short duration and small sample
sizes. A large prospective study will best advance our understanding of a possible association
between exposure to traffic pattern, and diesel exhaust in particular, and development and
exacerbation of childhood asthma.

VII. Potential for innovative research



The proposed hypothesis offers the potential to employ and refine innovative measures of traffic
patterns, including computer models and traffic counting equipment. Additionally, by increasing
our understanding of children’s exposures to traffic patterns and the potential contribution of
diesel exhaust to childhood asthma, this research will facilitate more efficient allocation of public
resources to those environmental factors posing the most significant asthma burden on children.

VIII. Feasibility

Exposure measure: Exposure to 1) traffic patterns, including diesel traffic, and 2) diesel exhaust.
There are several possible measures. Traffic models can be used to assess proximity of childrens’
homes to major diesel sources such as highways and bus depots and assign each study participant
an exposure index. A more accurate method would be needed to separate diesel emissions from
traffic density generally. One option is to refine the traffic model by conducting an traffic count
to assess relative density of heavy-duty (diesel-fueled) vehicles to other vehicles on major roads
near study participant’s homes. More detailed traffic counts in a subset of the study population
would refine traffic models, in order to improve estimates of diesel-fueled vehicles versus other
vehicle. This detailed monitoring would enable the separation of estimates of exposure to diesel
exhaust from that of other traffic-related pollutants. The advantage of estimating exposure to
varying traffic patterns using traffic models is that it minimizes the burden on the study
participant.

Studies to-date have suggested that black carbon, also known as elemental carbon (EC),
provides a useful surrogate for diesel exhaust particles (DEP). Exposure to diesel exhaust is best
estimated through monitoring of black carbon in the home, or personal exposure monitoring of
pregnant women. In-home sampling of a subset of participants will provide a more accurate
measure of exposure to diesel exhaust. Reliable home-based and personal sampling methods for
exposure to black carbon have been developed and employed, in particular by the Center for
Children’s Environmental Health at Columbia’s Mailman School of Public Health.

The exposure window of interest is in-utero and up to 24 months of age.

Outcome assessment:
1) In-utero and early childhood alteration of immune function, measured by:
e deviation of T-cell responses toward expression of pro-inflammatory cytokine by 2 years
of age
e increased esosinophilia and allergy as measured by IgE level and skin test sensitization as
early as 2 years of age
2) Diagnosis of asthma
3) Exacerbation of asthma, measured by:
e number of ER visits for asthma symptoms
e number of hospitalizations
e relief medication use



Assessment of peripheral T-cell function may require collection and processing of blood
specimens within 24-hours of collection; a sampling scheme will have to be developed for this
assessment.



Literature Cited

Abe S. Takizawa H. Sugawara I. Kudoh S. Diesel exhaust (DE)-induced cytokine expression in human bronchial epithelial cells:
a study with a new cell exposure system to freshly generated DE in vitro. American Journal of Respiratory Cell & Molecular
Biology. 22(3): 296-303, 2000 Mar.

Bates, DV, M. Maker-Anderson, and R. Sizto. “Asthma Attack Periodicity: A Study of Hospital Emergency Visits in
Vancouver,” Env Res v.51, 1990, pp51-70.

Bayram, H., JL Devalia, RJ Sapsford, T. Ohtoshi, Y. Miyabara, M. Sagai, RJ Davies. “The effect of diesel exhaust particles on
cell function and release of inflammatory mediators from human bronchial epithelial cells in vitro,” American Journal of
Respiratory Cell and Molecular Biology 18(3) March 1998, pp 441-448.

Boland, S., A. Baeza-Squiban, T. Fournier, O. Houcine. “Diesel exhaust particles are taken up by human airway epithelial cells in
vitro and alter cytokine production,” American Journal of Physiology — Lung Cellular and Molecular Biology 20(4) Apr 1999, pp
L604-L613.

Brunekreef, Bert, Nicole AH Jansenn, Jeroen de Hartog, Hendrik Harssema, Mirjam Knape and Patricia van Vliet. “Air Pollution
from Truck Traffic and Lung Function in Children Living near Motorways,” Epidemiology v.8, 1997, pp 298-303.

Cass GR, PM Boone, ES Macias. In Particulate Carbon: Atmospheric Life Cycle, Wolff GT, RL Klimisch Eds.; Plenum: New
York, 1982. Cited in Gray HA and GR Cass, “Characteristics of Atmospheric Organic and Elemental Carbon Particle
Concentrations in Los Angeles,” Environ. Sci. Technol., 20(6) 580-588, (1986).

Chow JC, JG Watson, EM Fujita. “Temporal and spatial variations of PM2.5 and PM10 aerosol in the southern California air
quality study,” Atmos Environ 28:2061-2080, 1990.

Dassen W, B Brunekreef, G Hoek, P Hofschreuder, B Staatsen, H de Groot, E Schouten and K Biersteker. "Decline in Children’s
Pulmonary Function during and Air Pollution Episode,” J Air Poll Contr Assoc 36(11):1222-1227 (1986).

Diaz-Sanchez D, AR Dotson, H Takenaka, and Andrew Saxon. “Diesel Exhaust Particles Induce Local IgE Production In Vivo
and Alter the Pattern of IgE Messenger RNA Isoforms, ” J Clin Invest 94: 1417-1425 (1994)

Diaz Sanchez D, Tsien A, Fleming J et al (1997a); Combined diesel exhaust particulate and ragweed allergen challenge markedly
enhances human in vivo hasal ragweed-specific IgE and skews cytokine production to a T helper cell 2-type pattern. J Immunol
158:2406-2413.

Diaz Sanchez D. (1997b) The role of diesel exhaust particles and their associated polyaromatic hydrocarbons in the induction of
allergic airway disease. Allergy (suppl 38) 52: 52-56 (1997).

Diaz-Sanchez D., Garcia MP, Wang M, Jyrala M., Saxon A., “Nasal Challenge with diesel particles can induce
sensitization to a neoallergen in the human mucosa,” Journal of Allergy & Clinical Immunology. 104(6):1183-8,
Dec 1999

Duhme H, SK Weiland, U Keil, B Kraemer, M Schmid, M Stender and L Chambless. “The Association between Self-Reported
Symptoms of Asthma and Allergic Rhinitis and Self-Reported Traffic Density on Street of Residence in Adolescence,”
Epidemiology v.7, 1996, pp 578-582.

Edwards J, S Walters, RC Griffiths. “Hospital Admissions for Asthma in Preschool Children: Relationship to Major Roads in
Birmingham, United Kingdom,” Arch Env Health 49(4), July/August 1994, pp 223-227.

Eggleston, PA, TJ Buckley, PN Breysse, M. Wills-Karp, SR Kleeberger, and JJ Jaakkola. “The environment and asthma in US
inner cities,” Environ Health Perspect 107 suppl. 3: 439-450 (June 1999).

Keeler, GJ, SM Japar, WW Brachaczek, RA Gorse, JM Norbeck and WR Pierson. The Sources of Aerosol Elemental Carbon at
Allegheny Mountain, Atmos Environ 24A(11): 2795-2805 (1990).



Kinney PL, M Aggarwal, ME Northridge, N Janssen, P Shepard. “Airborne Concentrations of PM2.5 and Diesel Exhaust
Particles on Harlem Sidewalks: A Community-Based Pilot Study,” Environ Health Perspect 108:213-218 (2000).

Knox RB, Sulphioglu C, Taylor P, et al., Major Grass Pollen Allergen Lol p 1 binds to diesel exhaust: implicationd for asthma
and air pollution. Clin Exp Allergy 27: 246-51. 1997.

Li N. Venkatesan MI. Miguel A. Kaplan R. Gujuluva C.Alam J. Nel A. Induction of heme oxygenase-1 expression in
macrophages by diesel exhaust particle chemicals and quinines via the antioxidant-responsive element. Journal of Immunology.
165 (6): 3393-401, 2000 Sep. 15.

National Center for Health Statistics, Current Estimates from the National Heath Interview Survey, United States, 1996, in
American Lung Association, Trends in Asthma Morbidity and Mortality, Epidemiology & Statistics Unit, February 2000.

Nel AE, Diaz Sanchez D, Ng D, Hiura T, Saxon A. Enhancement of allergic inflammation by the interaction between diesel
exhaust particles and the immune system. J Allergy Clin Immunol 102:539-54 (1998).

Northridge, ME, J Yankura, PL Kinney, RM Santella, P Shepard, Y Riojas, M Aggarwal, P Strickland, and the Earth Crew.
“Diesel Exhaust Exposure Among Adolescents in Harlem: A Community-Driven Study,” Am J Public Health 89(7) July 1999 pp
998-1002.

Ohta K. Yamashita N. Tajima M. Miyasaka T. Nakano J. Nakajima M. Ishii A. Horiuchi T.Mano K. Miyamoto T. Diesel exhaust
particulate induces airway hyperreesponsiveness in a murine model: essential role of GM-CSF. Journal of Allergy & clinical
Immunology. 104(5): 1024-30, 1999 Nov.

Peterson B, Saxon A. Global increases in allergic respiratory disease: the possible role of diesel exhaust particles. Ann Allergy
Asthma Immunol 77:263-70 (1996).

Salvi S., Frew A, Holgate S. Is Diesel Exhaust a Cause for Increasing Allergies? — Editorial. Clinical and Experimental Allergy,
29:4-8 (1999).

Sunyer F, JM Anto, C Murillo, and M Saez. “Effects of Urban Air Pollution on Emergency Room Admissions for Chronic
Obstructive Pulmonary Disease,” Am J Epidemiol v.134, 1991, pp 277-286.

Suzuki, T, T Kanoh, M Kanbayashi, Y Todome, and H Ohkuni. “The adjuvant activity of pyrene in diesel exhaust on IgE
antibody production in mice,” Jpn J Allergol v.42, 1993, pp 963-968.

Takafuji S., S. Suzuki, K. Koizumi. “Diesel-exhaust particles inoculated by the intranasal route have an adjuvant activity for IgE
production in mice,” J Allergy Clin Immunol 79(4), 1987, pp 639-45.

Takenaka H, K Zhang, D Diaz-Sanchez, ATsien, A Saxon. “Enhanced human IgE production results from exposure to the
aromatic from diesel exhaust: Direct effects on B-cell IgE production,” J Allergy Clin Immunol v.95, 1995, pp 103-115.

Van Vliet P, M Knape, J de Hartog, N Janssen, H Harssema and B Brunekreef. “Motor Vehicle Exhaust and Chronic Respiratory
Symptoms in Children Living Near Freeways,” Env Res v.74, 1997, pp 122-132.

Wijst M, P Reitmer, S Dold, A Wulff, T Nicolai, EF von Loefflholz-Colberg, E von Mutius. “Road Traffic and adverse effects on
respiratory health in children,” BMJ v.307, 4 September 1993, pp 596-600.



	August 5, 2002
	National Children’s Study
	Health Disparities / Environmental Justice Workgroup
	Traffic Exposure and Asthma Onset in Children
	Swati Prakash MS, Peggy Shepard, BA, Diane Gold MD
	Public Health Significance
	Justification for a large, prospective, longitudinal study
	Epidemiological Evidence
	Feasibility

